Summary. Changes during puberty were studied in the live ram lamb by collecting electro-ejaculates and measuring fructose and citric acid concentration and sperm density and morphology. Fructose and citric acid secretion preceded spermatogenesis. Sperm motility improved with decreasing numbers of abnormal spermatozoa. Observations are included on the separation of the penis from the prepuce. In addition, the influence of season of birth on lamb ejaculates was studied. Reproductive development in lambs born in late summer was delayed, androgen secretion being more markedly affected than spermatogenesis.
INTRODUCTION
There have been, so far, only few studies on sexual development in the living pubescent ram, and, apart from the recent study of Skinner, Booth, Rowson & Karg (1968) , information on the endocrine function of the lamb testis is practically non-existent. The reports so far published on ejaculates from pubescent rams refer mainly to the German Merino and indigenous African breeds (Dun, 1955;  Symington, 1961; Louw & Joubert, 1964) . Moreover, they concern only rams older than 98 days and are confined to observations on the appearance of spermatozoa. The breakdown of penile adhesions to the prepuce has been morphologically described in the Merino (Johnstone, 1948; Dun, 1955; Watson, Sapsford & McCance, 1956; Belonje, 1965) , Columbia, Targhee and Rambouillet (Wiggins & Terrill, 1953) . The main object of the present study was to investigate the time relationship between the development of the androgenic and gametogenic function of the pubescent ram testis. In addition, a small experiment was undertaken with cross-bred lambs to investi¬ gate the effects of season on the process of sexual development.
MATERIALS AND METHODS
Eighteen Suffolk lambs born in February/March were used to study puberty in this breed. Twelve cross-bred (Suffolk Welsh Mountain) lambs were used 480 J. D. Skinner and L. E. A. Rowson to study the effect of birth date on sexual function. Six of these lambs were born in February/March, and will be referred to as spring lambs, and six were born in July/August and will be referred to as late summer lambs. Data Blom (1950) .
Fructose and citric acid determinations were carried out according to the methods of Roe (1934) and Speck, Moulder, & Evans (1946) , respectively, as modified by Mann (1946 Mann ( , 1964 and Mann, Davies & Humphrey (1949 Observations were made on the separation of the processus urethrae from the penis, and of the penis from the prepuce.
At autopsy, which was carried out at 168 days of age, the testes and accessory glands were weighed, slices fixed in Bouin's fluid or Zenker-formol and the seminal vesicles removed and stored in solid carbon dioxide for the later assays of fructose and citric acid. The numbers of spermatozoa in the cauda epididy¬ mides of the Suffolks were counted following autopsy, as described by Dott & Skinner (1967) , and compared with the numbers found in six mature rams. The whole reproductive tract was also compared with that of mature Suffolk rams and the amount of fructose and citric acid in the seminal vesicles estimated according to the method of Lindner & Mann (1960) . The mean seminiferous tubule diameter was calculated from measurements of twenty-five tubules as described by Hay, Lindner & Mann (1961 
DISCUSSION
The lambs used in the present study were already displaying male behaviour by attempting to mount their companions at 28 days of age and they mastur¬ bated at 126 days of age. Libido therefore appears much earlier than sperma¬ tozoa. This has also been observed by other workers (Symington, 1961 ; Louw & Joubert, 1964; Banks, 1964) . In order to follow quantitatively the events of male pubescence in young rams, as reflected in the composition of semen, we decided to collect semen by electro-ejaculation. Although the artificial vagina gives more consistent results, Mattner & Voglmayr (1962) found that electroejaculation is of equal value for studies relating to seminal fructose. Further¬ more no training period is required when using electro-ejaculation and collections can begin before the adhesions between penis and prepuce have broken down under the influence of male hormone.
The time when it first becomes possible to collect a ram ejaculate coincides approximately with the time when androgens begin to be secreted in greater quantities by the lamb testis, and when the contents of fructose and citric acid rise steeply in the seminal vesicles (Skinner et al., 1968) . The seminal ejaculates, however, displayed a much higher ratio of citric acid to fructose than the seminal vesicles as such (10% reported by Skinner et al., 1968) . In pubescent Suffolk lambs the seminal vesicles contain a small volume of secretion.
In each of two 16-week-old lambs, 0-2 ml of vesicular secretion was collected from the gland and the levels of fructose and citric acid in the secretion compared with those in the vesicular tissue itself. The secretions contained 486 J. D. Skinner and L. E. A. Rowson 241 mg/100 ml fructose and 110 mg/100 ml citric acid, but the glandular tissue contained 250 mg/100 g and 35 mg/100 g, respectively. Abdel-Raouf (1960) found a similar relationship in the pubescent calf. The ampullae, however, contain a higher percentage of citric acid. It is possible that the higher level of citric acid in the ejaculate is due either to a faster secretion rate of citric acid by the seminal vesicle, with less citric acid being retained within the gland itself, or to an additional contribution of citric acid by other accessory glands.
The time when 'globules' first appeared in ejaculates coincided approxi¬ mately with the time when a lumen develops in the seminiferous tubules, that is 70 to 84 days (Skinner et al., 1968) . It is possible, therefore, that they emanate from the testis. However, at this stage of development the fructose and citric acid in the ejaculate also increased sharply and the 'globules' may have there¬ fore been cleared from the ducts.
In the Suffolk rams, used in the present study, the penis had separated from the prepuce much earlier than in the other breeds studied, although liveweights were similar (Johnstone, 1948; Wiggens & Terrill, 1953; Dun, 1955; Watson, Sapsford & McCance, 1956; Belonje, 1965 Jt is apparent from the results given in Table 1 that spermatozoa appear in the ejaculates of the Suffolk ram at an earlier age than in all the other breeds so far studied, except the cross-bred lambs born in spring. These results are in accord with the histological findings reported by Skinner et al. (1968) . The volume of the ejaculate when spermatozoa first appeared was greater than those recorded by Symington (1961) or Louw & Joubert (1964) . This difference may be due to differences in breed, environment or method of collection. The number of spermatozoa increased steadily from the time they first appeared. There was a concomitant increase in motility and a decrease in the numbers of abnormal spermatozoa (Table 2) . Louw & Joubert (1964) found a similar proportion of dead and abnormal spermatozoa when they first appeared, but 6 weeks afterwards only 6% of the spermatozoa from their rams were morphologically abnormal, compared with 9% primary abnormalities and 22% secondary abnormalities in the present study.
In mature Suffolks, sperm reserves in the cauda epididymidis are about 60% of total reserves in the epididymis (Dott & Skinner, 1967) and observations in young rams are in agreement. On this basis, the total epididymal reserves in the present lambs would have been 8-8 109 which is greater than figures published for Merino rams of the same age (George & Turnbull, 1966) .
The reason for the low fructose levels in the ejaculates of lambs born late in the season may be related to the lower growth rate. Moule, Braden & Mattner (1966) have found that fructose concentration in the ejaculate of the mature Merino is closely related to energy intake. The Suffolk spring lambs grew 487 faster (200 g/day) than the late lambs (137 g/day) although both groups had a similar genetic background. This is in accordance with Hammond's (1932) finding that 'early' lambs grow faster than the 'late' ones, due in all probability to a seasonal difference in the level of nutrition. It would appear, therefore, that the 'late' lambs suffer primarily through reduced energy intake. On the other hand, the appearance of spermatozoa in the 'late' lambs was not markedly delayed. Thus it appears that the androgenic function of the testes is more markedly suppressed than spermatogenesis which agrees with results published on underfed calves (Davies, Mann & Rowson, 1957; Mann & Rowson, 1956 . The levels of fructose and citric acid in ejaculates collected before autopsy, as well as in the seminal vesicles at autopsy, were higher in the late lambs. The early lambs were slaughtered in July and the late lambs at the beginning of December. British sheep breeds, including the Suffolk, are known to respond to shorter daylight length, showing greater sex drive (Chang, 1945; Cupps, McGowan, Rahlmann, Reddon & Weir, 1960; Lees, 1965 In the past, two main definitions were used to describe the state of male puberty. While some authors, notably Asdell (1946) , identify puberty with a fixed time related to the appearance of spermatozoa, others, including Marshall (1922) 
